Genetic diversity among and within 10 populations of Iranian alfalfa, from different areas of Azarbaijan, Iran was analyzed by screening DNA from seeds of individual plants and bulk samples. In individual study, 10 randomly amplified polymorphic DNA (RAPD) primers produced 156 polymorphic bands and a high level of genetic diversity was observed within populations. The averages of total and within population genetic diversity were 0.2349 and 0.1892, respectively. Results of analysis of molecular variance (AMOVA) showed the great genetic variation existed within populations (81.37%). These Results were in agreement with allogamous and polyploid nature of alfalfa. Cluster analysis was performed based on Nei's genetic distances resulting in grouping into 3 clusters which could separate breeding population from other populations. Results of cluster analysis were in consistent with morphological and geographical patterns of populations. The results of bulk method were different from individual analysis. Our results showed that RAPD analysis is a suitable method to study genetic diversity and relationships among alfalfa populations.
Introduction
Alfalfa (Medicago sativa L.) is the most important forage legume (Veronesi et al., 2010) , originated in Caucasus, northeastern Turkey, northwestern Iran and Turkmenistan (DehghanShoar et al., 1997) , though Iran is known as central origin (Hanson, 1988) . It is an autotetraploid and allogamous plant (Flajoulot et al., 2005) . These features lead to its high genetic complexity (Gherardi et al., 1998; Flajoulot et al., 2005) . Therefore, a high degree of genetic diversity can be found within and between populations (Mengoni et al., 2000) . These factors cause the complication of breeding improvement in alfalfa (Gherardi et al., 1998) . However, since alfalfa is an agronomically important crop, its improvement is necessary, especially to increase pest or disease resistance, forage quality and forage yield (Volence et al., 2002) . Alfalfa cultivars are synthetic varieties developed by intercrossing the selected parents and advancing their offspring through three or four generations of seed increase (Rowe and Hill, 1999) . So, genetic studies such as differentiation between cultivars and estimating the genetic diversity within and between populations are important in alfalfa breeding programs to use some of these populations as selected parents and producing higher yielding cultivars (Veronesi et al., 2010) . DNA-based molecular markers such as RFLPs, SSRs and RAPDs are extensively used to estimate genetic diversity and establish the relationships between plant cultivars (Kidwell et al., 1994; Mengoni et al., 2000) . These markers have more polymorphism loci than other methods such as isozyme analysis (Jenczewski et al., 1999) and since they are not affected by environment conditions and plant development level, they can estimate genetic diversity in populations more precisely (Tucak et al., 2008) .
In RAPD-PCR technique, genomic DNA is amplified with arbitrary 10-mer oligonucleotide primers to produce DNA fragment polymorphisms (Gherardi et al., 1998) . RAPD markers are independent of DNA quantity (Jenczewski et al., 1999) and they do not require previous knowledge of genome (Rahman, 2006; Tucak et al., 2008) . Therefore, RAPD analysis is considered as rapid, simple and inexpensive method (Williams et al., 1990; Rahman, 2006) to study genetic structures such as genome mapping, estimating of genetic diversity within and among populations and discriminating among plant populations and cultivars such as alfalfa (Arzani and Samei, 2004; Vandemark et al., 2006; Rahman, 2010) .
Although RAPD procedure is a useful method, its application might be limited when a large number of individuals are studied (Yu and Pauls, 1993) . This problem could be solved using bulked DNA samples as DNA templates in RAPD amplifications (Michelmore et al., 1991) . In this study we aimed to estimate genetic diversity within and among alfalfa populations of Azarbaijan (Iran) by RAPD markers. We also grouped these populations with analysis of individual samples and bulked DNA samples.
Materials and Methods
Plant materials: Nine tetraploid Iranian alfalfa native ecotypes collected from different areas of Azarbaijan, Iran (Fig. 1) and one breeding population (Ghareh Yonjeh) were employed in this study (Table 1) . In each population, 30 seeds were randomly selected for individual plant analysis. A mixture of 30 randomly selected seeds per population was also used to prepare bulked DNA sample. Madden (2002) with mirror modification. The quantity and purity of extracted DNAs were estimated by spectrophotometry and 1% agarose gel electrophoresis. Each DNA sample was diluted to 30 ng and kept at -20ºC to use for PCR amplification. DNA from bulked seeds per population was also extracted and referred to as bulked DNA sample.
RAPD amplification:
Thirty eight random primers were tested and finally 10 primers were selected in this study for RAPD analysis (Table 2) . PCR reactions were performed in a 25 µl total volume containing 1 µl of template DNA (30 ng), 4 pmol of random primers (CinnaGen), 13 µl of 1 X PCR Master Kit (CinnaGen PCR Master Kit, Cat. No. PR8250C) and 10 µl of double distilled H 2 O. Amplifications were carried out in a Thermal cycler (Primus 96), programmed for an initial denaturation step at 94ºC for 5 min followed by 40 cycles of 1 min at 93ºC, 1 min at 40ºC, 90 s at 72ºC and a final extension cycle of 5 min at 72ºC. RAPD products were separated by electrophoresis on 1.5% agarose gels, stained with ethidium bromide, visualized with UV light and then photographed. A 1Kb DNA Ladder (Fermentas) was also loaded to estimate the size of RAPD fragments.
Data analysis:
The presence or absence of bands visualized on the gel were scored as 1 (presence) or 0 (absence) for each locus separately. The percentage of polymorphic bands per primer was defined and then within population polymorphism, genetic diversity based on Nei's gene diversity (Nei, 1973 ) and Shannon's Information index (Lewontin, 1972) and the genetic distances among populations (Nei, 1972) were measured by POPGEN ver 1.32 (Yeh et al., 1999) software. A matrix of pairwise genetic distances was employed to cluster the populations and UPGMA dendrogram was drawn using the sequential agglomerative hierarchical nested (SAHN; Sneath and Sokal, 1973) clustering method as available in NTSYS-pc 2.02 (Rohlf, 1998) . Cophenetic correlation was measured with NTYSYS to test the association between input and output of the distance matrix (Mantel, 1967) . Analysis of molecular variance (AMOVA) was performed to estimate hierarchical variance components (among individuals within populations, among populations and among groups). AMOVA was carried out via ARLEQUIN 3 (Excoffier et al., 2005) . To show a graphical representation of the relationships among populations, principal coordinates analysis (PCoA) was performed using NTSYS-pc, version 2.02. Genetic distances among populations for bulk analysis were estimated and cluster analysis and principal coordinates analyses were performed.
Results
Among 38 random primers tested in this study, 10 primers generated reproducible bands (Table 2) . Fig. 2 and Fig. 3 show RAPD fragments in individual plant study and bulk analysis, respectively. 
Individual analysis:
A total of 156 polymorphic bands ranging from 250 to 2500 bp were identified. Three primers (B 1 , B 6 and OPJ 4 ) produced 100% polymorphic bands. Minimum percentage of polymorphic bands was observed by primer OPA 1 ( Table 2 ). The percentage of polymorphic bands within populations differed from 57.65% for population 2 to 70% for population 4 (Table 3) . Additionally, the populations 9 and 2 showed the maximum and minimum genetic diversity (Table  3) , respectively. Total genetic diversity (H T ) and within population genetic diversity (Hs) were calculated as 0.2349 and 0.1892, respectively and the degree of genetic differentiation among populations (G ST ) was estimated as 0.1944. These results indicated that diversity within populations was greater than that among populations. Genetic distances among pairs of populations ranged from 0.025 between populations 7 and 8 to 0.1103 between populations 2 and 10. The average distance among populations was 0.0631. In total, genetic distances among populations were low (Table 4) . Genetic distance values were used to construct a UPGMA dendrogram and populations were divided into three groups (Fig. 4) . First groups included population 10 (a breeding population) and second group included population 9. Other populations belonged to third group. Matrix correlation was estimated as 0.849. To study relationships among populations, AMOVA was performed based on population clustering (significance tests were provided by computing 1023 permutations). Significant differences were observed among groups, among populations within groups and among individuals within populations. However, the high genetic variation (76.08 %) was attributed to differences within populations (Table 5) .
AMOVA was also performed in population level to estimate diversity within and between populations (F ST = 0.186; p = 0.05). Although variation among populations was significant, the great genetic diversity (81.37%) was observed within populations (Table 5 ). Fig. 5 shows the results of PCoA. On the basis of the first and second coordinates, which accounted for 29.29% and 19.29% of the total variation, respectively, populations were distributed in three groups. Populations 10 and 9 belonged to first and second groups, respectively and the other populations belonged to third group. 
Bulk analysis:
A total 46 polymorphic bands were identified in bulk analysis. Maximum and minimum percentages of polymorphic bands were observed by primers OPJ 4 and OPJ 20 , respectively. The average percentage of polymorphic bands was 41.17 % (Table 2) . Cluster analysis based on Nei's genetic distances (Table 4 ) divided populations into three groups (Fig. 6) . First group included populations 8 and 9, the second groups included populations 5, 4, and 2 and third groups included the others. Matrix correlation was estimated as 0.712. PCoA was performed for bulk samples and populations were located into 3 groups (Fig. 7) . The first and second coordinates accounted for 29.29% and 19.29% of the total variation, respectively. In total, results of bulk analysis were different from results of individual analysis.
Discussion
In the present study we analyzed 10 alfalfa populations from diverse regions of Azarbaijan, Iran using RAPD profiles. Since reproducibility is an important factor in RAPD studies (Ulloa et al., 2003) , only reproducible bands were used in present investigation.
In individual analysis, ten primers produced 156 polymorphic bands with an average 15 polymorphic bands per primer. This can be favorably compared with the number of bands used by Tucak et al. (2008) to estimate genetic diversity in alfalfa populations and is higher than the number of bands used by Dehghan-Shoar (1997) and Mengoni et al. (2000) to study alfalfa populations. In terms of population genetic parameters, total gene diversity (H T ) observed in this study was high. It was in consistent with previous studies. Mengoni et al. (2000) suggested that high level of genetic diversity is observed in alfalfa populations. Moreover, Falahati-Anbaran et al. (2007) studied population genetic structure in alfalfa from various regions contiguous to the centers of origin of the species. They proposed that since northwestern of Iran is the primary centre of diversity for alfalfa, so high level of genetic diversity exists within and among Iranian alfalfa populations such as populations employed in this work. However, the within population diversity (based on Nei's gene diversity) was high for each population, as found in previous studies (Flajoulot et al., 2005; Falahati-Anbaran et al., 2007; Tucak et al., 2008) . Gherardi et al. (1998) also suggested that the within population diversity is higher than diversity among populations. It can be explained by the outcrossing and tetraploid nature of alfalfa that results in highly heterogeneous and heterozygous populations (Kidwell et al., 1994) . Results of analysis of molecular variance suggested that the largest proportion of genetic variation was attributed to variation among individuals within populations (81.37%). These results were in agreement with previous studies (Falahati-Anbaran et al., 2007; Tucak et al., 2008) . Low genetic distances were detected between populations possibly due to small geographical distances existed between them. In spite of it, cluster analysis could group populations and AMOVA based on population grouping showed a significant distance between groups. The largest genetic distance was observed between populations number 10 (Ghareh Yonjeh) and number 2 (Zonorag). Separation of Ghareh Yonjeh which is a breeding population from the other populations indicates the sufficiency of this method to study relationship in alfalfa populations. Falahati-Anbaran et al. (2007) could also separate Ghareh Yonjeh from other Iranian alfalfa populations. Population number 9 was clustered into a distinct group. Morphological studies indicated differences among this population and other populations. Thereupon, separation of it from other populations of Azarbaijan can be related to morphological differences. Other populations grouped together in one cluster and formed a different branch in the dendrogram. Distribution of these populations on distinct branch was in agreement with geographical patterns of them.
Cluster analysis in bulk method could not separate Ghareh Yonjeh from other populations and genetic differentiation of populations was not in agreement with geographical or morphological patterns. Such differences among results obtained from bulk analysis and individual analysis were observed in previous studies (Mengoni et al., 2000; Pupilli et al., 2000) . Negri et al. (1995) and Pupilli et al. (2000) reported that bulk procedure reduces within population diversity when frequency of polymorphic fragments is low. Some DNA sequences are found in a few individuals and produce rare fragments in individual analysis. Since these sequences compose a low concentration of template DNA in bulked sample, they can not efficiently be amplified. So rare fragments observed in individual analysis are absent in bulk analysis (Yu and Pauls, 1993) as observed in our study. Kidwell et al. (1994) also proposed that bulk method underestimates the level of genetic diversity in both within and between populations and results of differentiation among populations in bulk analysis are not in agreement with individual analysis. This was true especially in our study with 30 individuals per bulk sample. Since using of greater number of individuals in bulk samples reduces the probability of detecting rare fragments that may be diagnostic of a population, so differentiation between populations was not carried out precisely (Kidwell et al., 1994) .
The high level of genetic diversity observed within populations in our study, particularly population 4, 5 and 9, indicates each population as a genetic source for selection of suitable genotypes to employ them in breeding programs and improve alfalfa cultivars with high level of heterosis. Furthermore results of cluster analysis indicated that GhareYonje and population number 9, are different from other populations. Thus each of them can be used as parents in breeding programs. Bulk method offers a rapid analysis of RAPD patterns in genetic study of alfalfa population. However, comparison of bulk analysis with individual analysis showed that it is better to use individual analysis in detection of relationships among alfalfa populations and estimation of genetic diversity especially within populations.
Finally, RAPD analysis was demonstrated as a suitable method to study genetic diversity and relationships among alfalfa populations. However it is advised to accompany results of RAPD procedure with other molecular methods and morphological studies.
